Aluminium, Niobium, Tantalum, Zinc, Alloy
Introduction
In our paper [1] the results of substitution studies of zinc by aluminium in some AB2 phases were described. It is well known that aluminium is a common component in a great number of binary Friauf-Laves phases, as well as a stabilizer of some ternary F. L. phases, especially those at the stoichiometric ratio 1:1:1. Because of that, we were interested in further substitutional studies of zinc with aluminium in some related systems.
In the corresponding binary systems of the systems Nb-Zn-Al and Ta-Zn-Al it is interesting to mention the existence of NbZn2, TaZn2, NbZn3, NbAl3 and TaAl3. NbZn2 is a Friauf-Laves phase (MgNi2-type) [2] , but there are some data about a cubic variant of the MgCu2-type [3] . TaZn2 also seems to be a F. L. phase (MgZn2 or MgNi2-tvpe) but the available data are very scarce [3] . NbZn3 is cubic (AUCU3 structure) and NbAl3 and TAAL3 have the tetragonal structure of the TiAl3-type [4] . TaAl2, NbAl2 and TaZn3 do not exist, while zinc and aluminium do not form intermetallic compounds [ref. [4] , p. 389.].
Experimental

Materials and Methods
Metallic powders used in this investigations were: niobium (99.5%), tantalum (99.9%), aluminium (99%) (all from Koch-Light Laboratories Ltd.) and zinc (Kemika, Zagreb, Reagent grade).
* Reprint requests to Z. Blazina. 0340-5087/82/1000-1225/S 01.00/0 Samples of the general formula NbZ^-zAlz, NbZn3_aAla; and TaZi^-xAl* were prepared by direct synthesis from elements in evacuated silica tubes. Depending on the results of the X-ray phase analysis and/or in order to prepare single phase alloys, samples were annealed at 800 °C for 1Ö80 h, at 900 c C or 1000 °C for 72 h.
X-ray powder diffraction patterns were taken on a Philips diffractometer PW 1050 using nickel filtered CuKa radiation. Silicon was used as an internal standard.
X-ray diffraction intensities were calculated on a Univac 1100 computer using "LAZY-PULVERIX" computer program [5] .
Results
System Nb-Zn-Al
NbZno-NbAh tie line
The results of X-ray phase analysis of samples annealed at 800 °C for 1080 h indicated the existence of two ternary phases near the compositions NbZnAl and NbZn1.25Alo.75, respectively, but the alloys were not single phase. Single phase alloys were obtained when the temperature was elevated up to 1000 °C for 72 h. The variable parameters were found to be 2 = 0.0635 and x = 0.8333. The crystal structure of the second alloy, NbZn1.25Alo.75, was determined as a cubic one of the AuCu3 type (S. G. Pm3m) with a = 394.4 ± 0.3 pm. It ^as found that its homogeneity region spans the compositions between NbZn1.25Alo.75 and NbZm 5A1 0.5. Lattice parameter variation was not observed in this region, probably due to relatively small differences in atomic radia (RAI = 142.9 pm and RZn = 137.9 pm).
NbZnz-NbAlz tie line
At this tie line (800 c C and 1000 : C) the crystal structure of binary NbZn3 extends into the ternary field, i.e. substitution of zinc with aluminium is possible up to 25 at. % of Zn, corresponding thus the formula NbZn2Al. The unit cell parameter variation is shown on Fig. 1 . and Table II . These variations are also small but it can be stated that Vegard's rule is obeyed. It is interesting to mention that the sample of the composition NbZn2Al in some cases (800 °C/45 d) shows a tendency to double one of its cubic axes becoming thus tetragonal. The crystal structure of this phase was determined as a TiAl3 type with a = 382.9 pm, c = 864.4 pm and c/a = 2.258. The only single phase alloy obtained in this system is formed at the composition TaZnAl after the heat treatment at 1000 °C for 72 h. Its crystal structure was found to belong to Friauf-Laves phase of the MgZn2-type with a = 503.8 ±0.2 pm. c = 827.9 ± 0.3 pm and c/a = 1.643. Atoms occupy the same positions within the unit cell as described As mentioned before, there are some literature data [3] which allow that TaZn2 assumes a FriaufLaves structure, but in our investigations this phase was not observed in the temperature region between 400 °C and 1000 °C.
One further point. In both systems samples annealed at temperatures below 1000 °C contain solid solution of aluminium and zinc. This could suggest that zinc vapor (b. p. 906 °C) are necessary for these reactions or the extremely long homogenization times.
Discussion
The occurence of a ternary AuCu3 structure on the NbZn2-NbAl2 tie line in the composition region NbZm .25Alo.75-NbZn1.5Alo.5 deserves some further remarks. We believe that the presence of this structure at the AB2 stoichiometry can be attributed to the widely extended homogeneity region of the AuCu3 structure observed on the NbZn3-NbAl3 line in the region NbZn3-NbZn2Al.
The atomic arrangement within the unit cell was calculated for the sample of the composition NbZn1.25Alo.75. The best agreement with the observed intensity values is obtained if 1 Nb atom is at the position 1(a) and (0.333 Nb-f 1.666 Zn+ 1 Al) statistically in 3(a). Thus the formula for all samples with the AuCu3 structure can generally be written as Nb(Nb,Zn, Al)3. This results are in good agreement with the results observed in the systems ZrZn2_3;AL and HfZ^-zAU where the occurence of the AuCu3 structure was observed at the same composition [1] , It may be interesting to compare the ternary Friauf-Laves phases described here with those observed in some related systems, i.e. in ZrNi^xAlz, ZrCua-zAl*, ZrZn2_*AL, HfNi2-aAl*, HfCu^AL, HfZn2_*Al*, NbNio.zAU NbCu2_*Al*, TaNi^Al* and TaCu2_3;AL, in terms of valence electron concentration and relative atomic sizes. Tables IV-V Valences used are: Cu = 1, Ni,Zn = 2, Al = 3, ZrHf=4, Nb,Ta = 5. Table IV and Fig. 2 ., the MgZn2 type phases generally form at higher VEC, while the MgCu2 structures are stabilized at lower VEC. 2) The effective radius ratios (rA/rß) are in all systems close to the ideal value j/3/j/2 =1.225, being for the MgCu2 type phases practically identical and differing slightly for the MgZn2-type (Table V) . The radius ratios (RA/RB) for CN 12 differ greatly from the ideal value, i.e. they can only be considered as a rough indication for the rA/rB values.
An interesting feature is the small effective radii of (Zn.Al) (statistically) with values close to the values of (Ni, Al) (statistically) and (Cu,Al) (statistically) which are also contracted (Table V, Fig. 3.) . This is more pronounced in the systems containing MgZn2 type phases (probably as a result of the smaller influence of aluminium). It seems that in all systems an electron transfer from Ni, Cu or Zn and/or Al to the IV or V group elements takes place, becoming greater going from Ni to Zn and from IV to V group element. In such a proposed scheme Zn would release its d electrons and act as a transition element. For more general conclusions data on more Friauf-Laves phases should be gathered.
